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ABSTRACT 
Purpose:  Research suggests there are reciprocal relationships between mental health (MH) 
disorders and epilepsy risk.  However, MH relationships to post-traumatic epilepsy (PTE) have 
not been explored.  Thus, the objective of this study was to assess associations between PTE and 
frequency of depression and/or anxiety in a cohort of individuals with moderate-to-severe TBI 
who received acute inpatient rehabilitation. 
Methods: Multivariate regression models were developed using a recent (2010–2012) cohort 
(n=867 unique participants) from the TBI Model Systems (TBIMS) National Database, a time 
frame during which self-reported seizures, depression [Patient Health Questionnaire (PHQ)-9], 
and anxiety [Generalized Anxiety Disorder (GAD-7)] follow-up measures were concurrently 
collected at year-1 and year-2 after injury. 
Results:  PTE did not significantly contribute to depression status in either the year-1 or 
year-2 cohort, nor did it contribute significantly to anxiety status in the year-1 cohort, after 
controlling for other known depression and anxiety predictors.  However, those with PTE in 
year-2 had 3.34 times the odds (p=.002) of having clinically significant anxiety, even after 
accounting for other relevant predictors. In this model, participants who self-identified as Black 
were also more likely to report clinical symptoms of anxiety than those who identified as White. 
PTE was the only significant predictor of comorbid depression and anxiety at year-2 (Odds Ratio 
2.71; p=0.049) 
Conclusions: Our data suggest that PTE is associated with MH outcomes 2 years after TBI, 
findings whose significance may reflect reciprocal, biological, psychological, and/or experiential 
factors contributing to and resulting from both PTE and MH status post-TBI.  Future work 
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should consider temporal and reciprocal relationships between PTE and MH as well as if/how 
treatment of each condition influences biosusceptibility to the other condition. 
 
Keywords: traumatic brain injury, post-traumatic epilepsy, mental health disorders, depression, 
anxiety, traumatic brain injury model system 
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1. Introduction 
Post-traumatic seizures (PTS), and the development of epilepsy (PTE), are common after 
traumatic brain injury (TBI) and contribute substantially to the medical and comorbid health 
burden that individuals often have after TBI.[1]  PTS are classified with reference to time post-
injury as immediate (<24hrs), early (24hrs-7d), or late (>7d post-TBI),[2] reflecting proposed 
differences in causal mechanisms and subsequent seizure risk.[3]  While immediate and early 
PTS are likely directly related to the primary injury, late PTS (the definition of PTE) are likely 
due to ongoing secondary injury cascades that contribute to epileptogenesis.[4]  Though PTE 
prevalence varies widely based on population characteristics, including injury severity, a recent 
study using the TBI Model System National Database (TBIMS-NDB), composed of individuals 
with moderate-to-severe TBI, reported that 1.8% had incident PTS between 7 days post-injury 
and inpatient discharge, 9.2% developed PTE between inpatient discharge and follow-up at year-
1 post-injury, and 5% developed PTE between year-1 and year-2 post-injury, with a cumulative 
PTE incidence of 16.8% by 2 years post-TBI [5].  
The high risk for sudden death and decreased life expectancy among those with epilepsy 
compared to the general population are due both to seizure-related and external causes, including 
suicide and fatal accidents.[6]  After TBI, individuals have 33-50 times higher likelihood of 
unexpected mortality due to seizures compared to the general population.[7]  Health-related 
quality of life is often poor among individuals living with epilepsy, in part due to comorbid 
disease burden.[8] To date, there is scant literature evaluating the effects of PTE, beyond 
mortality, after TBI.  One small study involving 91 subjects enrolled in the TBIMS suggests 
individuals with PTE are more dependent with their transportation needs, have more functional 
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disability, and report lower life satisfaction up to 5 years post-injury compared to similar 
individuals without PTE.[9] 
The most common comorbid conditions associated with epilepsy in the general 
population are mood disorders, followed closely by anxiety [10].  Multiple reports in the 
literature suggest a high rate of comorbid psychiatric disorders across the age span among 
individuals living with epilepsy. Among children with epilepsy, rates as high as 35-50% have 
been documented.[11]  In adults with epilepsy and self-reported employment difficulties, ~67% 
had psychiatric comorbidities.[12]  Another small cohort of individuals with epilepsy referred for 
neuropsychiatric services reported that 38.3% of the population had concurrent depression and 
26.7% had concurrent anxiety.[13] A population-based study demonstrated that individuals with 
epilepsy have an adjusted odds ratio of 5.44 for psychiatric/neurodevelopmental comorbidities 
vs. the general population.[14] 
Regarding prevalence of psychiatric conditions after TBI, a seminal study found over 
50% of individuals with TBI experienced depression at some point in the first year after injury, 
with point prevalence as high as 31%.[15] Other studies using TBIMS-NDB data found that 26% 
of participants reported symptoms of major depressive disorder at year-1 post-injury with over 
50% of these participants still reporting depression at year-2.[16,17]  An additional 22% reported 
symptoms of minor depression at year-1,[16] of whom one-third went on to report major 
depression at year-2 after injury.[17] Depression remained common (24.8-28.1%) up through 20 
years post-TBI and was associated with a high risk for suicidal behavior.[18]  Risk factors for 
depression after TBI include younger age, pre-injury mental health (MH) treatment, substance 
abuse, functional disability, and being female.[16]  Further, there is a high degree (60%) of 
comorbid anxiety.[15]  Approximately 21% of individuals with TBI report clinically significant 
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anxiety a year after injury, with similar risk factors as depression, including middle age, black 
race, lower socioeconomic status, pre-injury MH treatment, and previous TBI.[19]   
No study to date has examined the association between PTE and MH outcomes after TBI, 
despite the documented effect of epilepsy on MH in the general population with epilepsy.  While 
our recent study showed that history of MH treatment prior to TBI was a significant risk factor 
for PTE during the first year post-injury,[20] no studies have examined the effects of PTE on 
concurrent or subsequent MH outcomes.  Therefore, the aims of this study were to examine the 
differences in MH (depression and anxiety) by PTE status at 1 and 2 years after TBI among 
individuals enrolled in the TBIMS-NDB by building on previous TBIMS-NDB predictive 
models for post-TBI depression[16] and anxiety,[19] and to determine whether PTE is an 
independent risk factor for MH outcomes after TBI.  
 
2. Methods 
2.1 Participants 
This study is a secondary analysis of the prospective, longitudinal TBIMS-NDB.  
Inclusion criteria for the TBIMS-NDB are: 1) a documented moderate/severe TBI, defined as 
any one of the following: post-traumatic amnesia >24 hours, loss of consciousness >30 minutes, 
emergency department Glasgow Coma Scale score <13, or positive neuroimaging; 2) >16 years 
old; 3) admitted to a participating hospital within 72 hours of injury with ongoing acute care and 
inpatient rehabilitation at a TBIMS hospital.  Written informed consent was obtained, and details 
about enrollment and data collection in the TBIMS-NDB are available here: 
https://www.tbindsc.org/Syllabus.aspx  
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Individuals enrolled in the TBIMS-NDB received acute care at an affiliated trauma center 
and received acute inpatient rehabilitation, for which individuals are determined to have capacity 
to participate in and benefit from a multidisciplinary therapy program.  For this study, 
participants were restricted to those who had a TBI between July 2010 and November 2012, 
based on having a 1 or 2 year follow-up during the time frame in which seizure, depression, and 
anxiety follow-up measures were concurrently collected. The seizure variable was added to the 
TBIMS-NDB in October of 2012.  The depression and anxiety variables were removed from the 
database in October of 2013.  Further, this sample was restricted to those who were capable of 
providing self-report at follow-up, as the mental health measures require self-report. Capacity for 
self-report was determined by trained TBI-MS assessors following a standard protocol.  A 
breakdown of included participants is provided in Figure 1. There were 867 unique participants, 
with 453 participants in the year 1 cohort and 434 in the year 2 cohort; due to restrictions in data 
collection noted above, only 20 participants were in both cohorts, so longitudinal data were not 
available. 
 
2.2 Measures 
2.2.1 Demographic and Clinical Covariates.   
Age, sex, race, and inpatient rehabilitation discharge Functional Independence 
MeasureTM (FIM) were collected through medical chart abstraction, and FIM at follow-up was 
collected via participant or family member interview.  Age was further categorized into young, 
middle-age, and older adults (16-30, 31-60, and 61+ years), to allow for nonlinear relationships 
based on previous findings of nonlinear relationships between age and psychological variables 
(depression, anxiety) in TBI [19,21].  Post-traumatic amnesia (PTA) served as an indicator of 
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initial injury severity, as it has been found to be a better predictor of outcome than other acute 
brain injury severity measures.[22] Pre-injury MH treatment (ever treated for mental health 
problem), previous TBI, and substance abuse (calculated based on self-reported alcohol and/or 
drug use) at time of follow-up were collected via medical chart abstraction or participant/proxy 
interview.  Data on acute seizures were derived from International Classification of Diseases 
(ICD9) codes from the acute inpatient hospital stay; acute seizures included any seizure that 
occurred during the acute-care hospitalization and was assigned an ICD9 code, regardless of time 
since injury (e.g. potentially including immediate, early, and late seizures). 
2.2.2 Post-traumatic Epilepsy.   
PTE status at each time point was collected via participant report, with data collection 
beginning for all follow-up visits in the TBIMS-NDB in October of 2012.  Specifically, 
participants were asked a yes/no question about having had a seizure since discharge from 
rehabilitation (year-1) or in the past year (year-2).  This means that for the year-2 cohort, PTE 
referred only to seizures that had occurred between year-1 and year-2 post-injury.  Given the 
time frame during which these seizure data were collected, information on whether participants 
in the year-2 cohort had seizures between acute care discharge and year-1 post-TBI was not 
available.  Therefore, PTE reported in this study reflects in-year prevalence and not incidence of 
PTE.   Though potentially limited by poor recall and recall bias, self-report is still the most 
feasible method for data collection in large epidemiologic studies and is a common practice in 
studies on seizures/epilepsy.[23] A study of test-retest reliability conducted on TBIMS-NDB 
outcomes measures found perfect test-retest reliability (kappa=1.00) for self-reported seizures in 
the last year. [24] 
2.2.3 Depressive symptoms.   
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Depressive symptoms at year-1 and year-2 were measured with the Patient Health 
Questionnaire 9 (PHQ9), a self-reported measure of depressive symptoms rating 9 hallmark 
symptoms of depression on a 0-3 point scale, which has been validated for use after TBI.[25]  
Depressive symptom severity was measured by PHQ9 total scores (range 0-27).  Depression 
status was categorized based on PHQ9 scores as depressed (>10) or not depressed (<10), which 
has demonstrated a sensitivity of 88% and specificity of 90% for identifying clinical depression 
after TBI.[25]  PHQ9 data collection was discontinued in the TBIMS-NDB in October of 2013. 
2.2.4 Anxiety symptoms.   
Anxiety symptoms at year-1 and year-2 were measured with the General Anxiety 
Disorder 7 (GAD7), a self-reported measure of anxiety symptoms rating 7 symptoms of general 
anxiety on a 0-3 point scale.[26]  Anxiety symptom severity was measured with GAD7 total 
scores (range 0-21), and clinically significant anxiety (anxiety status) was categorized as present 
(>8) or absent (<8), based on previously established thresholds sensitive to anxiety.[19,26] 
GAD7 data collection was discontinued in the TBIMS-NDB in October of 2013. 
 
2.3 Data Analysis 
Data were analyzed separately in each cohort (year-1 and year-2) using SPSS v24 for 
Windows.  Group differences in anxiety and depression were analyzed comparing those with and 
without PTE using Mann-Whitney U tests based on data distribution.  We then tested the unique 
contribution of PTE to depression status and anxiety status using logistic regression.  Covariates 
in the base models for depression included age, sex, race, pre-injury MH treatment, inpatient 
rehabilitation discharge FIM scores, and concurrent substance abuse, based on a prior depression 
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study in the TBIMS.[16] Covariates in the base models for anxiety included age, sex, race, and 
pre-injury MH treatment, based on a previous anxiety study using the TBIMS cohort.[19] 
Previous TBI was excluded due to a very small number (n=9) of participants reporting it.  The 
alpha level for statistical significance was set at .05 for two-tailed tests. 
 
3. Results 
Demographic and clinical characteristics of participants in both the year-1 (n=453) and 
year-2 (n=434) cohorts by PTE status are presented in Table 1.  Comparing the two cohorts, a 
larger percentage of participants in the year-1 cohort had PTE (χ2=4.67, p=0.032) and reported 
MH treatment prior to injury (χ2=5.54, p=0.020) compared to the year-2 cohort.  However, a 
significantly larger percentage of participants in the year-2 cohort had an acute seizure (χ2=9.79, 
p=0.002) during their inpatient hospitalization stay compared to the year-1 cohort.  There were 
no significant differences between cohorts with regard to age, sex, race, previous TBI, PTA, FIM 
at inpatient rehabilitation discharge, FIM at follow-up, substance abuse, depression (symptoms 
or status), or anxiety (symptoms or status).  Among those with in-year seizures, 13 (24.1%) 
reported being hospitalized at least once for seizures in year-1 and 12 (36.4%) reported being 
hospitalized at least once for their seizures in year-2.   
Depression and anxiety symptoms, status, and comorbidity by PTE status in each cohort 
are presented in Table 2.  All MH measures differed significantly (p<.01) by PTE status in the 
year-2 cohort, and while there were no statistically significant group differences in the year-1 
cohort, values were nominally in the same direction as in year-2.  Specifically, those with PTE 
had a higher frequency of both depression and anxiety and reported more depressive and anxiety 
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symptoms than participants without PTE.  Nearly all participants with PTE in year-2 who 
reported anxiety also reported co-occurring depression. 
In the logistic regressions, PTE did not significantly contribute to depression status in 
either the year-1 or year-2 cohort, nor did it contribute significantly to anxiety status in the year-
1 cohort, after controlling for other known predictors of depression and anxiety (data not shown).  
In the year-2 cohort, those with PTE in year-2 had 3.34 times the odds (p=.002) of having 
clinically significant anxiety (Table 3), even after accounting for other relevant predictors. 
Participants who identified as Black were also more likely to report clinical symptoms of anxiety 
than those who identified as White. PTE was the only significant predictor of comorbid 
depression and anxiety at year 2 (Table 4). 
 
4. Discussion  
The existing research indicates bidirectional relationships between psychiatric conditions 
and epilepsy.[10,27]  However, previous studies have not examined the influence of PTE on 
psychiatric conditions post-TBI.  This could be partly due to the fact that PTE only makes up 5% 
of the total incidence of epilepsy in population-based study;[28] however, it is one of the most 
common and serious long-term consequences of TBI [5].  We found no statistically significant 
associations between PTE and either depression or anxiety at year-1 after TBI, but at year-2 post-
TBI, both depression and anxiety symptoms differed by PTE status.  PTE was predictive of 
anxiety and comorbid anxiety and depression at year-2 post-TBI, after controlling for other 
known predictors of MH outcomes post-injury.   
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Whether the differences in the relationships between PTE and both depression and 
anxiety after TBI are due to temporal effects post-injury or cohort effects is unclear in the present 
study.  The year-2 cohort had a lower percentage of participants reporting pre-injury MH 
treatment, a known predictor of post-injury psychiatric conditions.[16,19] Despite this, the year-
2 cohort had a much higher prevalence of both depression and anxiety than the year-1 cohort.  
The prevalence for depression and anxiety in the year-2 cohort (42.4% and 42.2%) was similar to 
or higher than prevalence reported among those in the general population with epilepsy (38.3% 
and 26.7%).[13]  This indicates that PTE has higher associations with new onset depression or 
anxiety post-TBI when compared to those with a pre-injury history of psychiatric conditions who 
may develop post-injury depression or anxiety regardless of PTE status (particularly in the first 
year post-injury).  These new psychiatric conditions post-injury may develop as a result of 
shared biological pathology, psychological adjustment, or psychological trauma from 
experiencing seizures and their associated events.  In both cohorts, there was a higher percentage 
of participants with pre-injury MH treatments among those with PTE compared to those without, 
which, while not statistically significant, is consistent with previous findings in both TBI and the 
general population with epilepsy that psychiatric conditions contribute to seizure risk.[10,20]   
The larger percentage of participants in the year-1 cohort reporting pre-injury MH 
treatment may also indicate that more participants in this cohort were taking medication for MH 
disorders post-injury as well.  Although medications were not tracked as a part of this study, this 
factor could explain the lower prevalence of both depression and anxiety in this cohort, if 
medications were effective for managing participants’ psychiatric conditions.  MH treatment 
considerations are particularly salient, given that previous studies suggest individuals with TBI 
are at risk for physician-prescribed polypharmacy of psychotropic medications during their 
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recovery course.[29]  In fact, many psychotropic medications prescribed after TBI, including 
antipsychotics (25% of those in inpatient rehabilitation programs) and antidepressants (67% of 
those in inpatient rehabilitation programs), coupled with the frequent prescription of multiple 
psychotropic medications simultaneously (31.8% receive >6 psychotropic medications while 
participating in inpatient rehabilitation programs),[29] may contribute to seizure risk after 
TBI.[30]  Medications for MH disorders, including some typical and atypical antipsychotics (e.g. 
clozapine) and dopaminergic stimulants (e.g. amantadine) can decrease seizure threshold or 
increase seizure risk.[16,31] A recent literature review suggests that tricylic antidepressants are 
associated with reduced seizure risk in a general population participating in antidepressant 
trials.[32]   However, other antidepressant trials in the general population among individuals 
over the age of 65 (an age group with relatively high TBI risk), suggests some selective serotonin 
reuptake inhibitors (SSRIs) may increase seizure susceptibility,[33] despite experimental 
epilepsy studies indicating that high doses of some SSRIs may actually reduce seizure 
susceptibility.[34] Importantly, non-pharmacological approaches to MH treatment after TBI can 
be effective treatments and may help reduce occurrence of polypharmacy, and perhaps also 
seizure risk, after TBI.[35,36]   
It is also possible that the differences across cohorts in PTE and MH relationships are due 
to latent temporal effects – biological, psychological, or environmental – that differ from 1 to 2 
years post-injury and not captured in this study.  While PTE was more prevalent in the year-1 
cohort than in the year-2 cohort, a higher percentage of participants in the year-2 cohort had 
experienced acute (in-hospital) seizures, an established predictor of later seizures.[20]  
Additionally, more participants were hospitalized for their seizures in the year-2 cohort, 
suggesting that chronicity and/or severity of PTE may also have been an unmeasured factor in 
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the relationship between PTE and MH outcomes.  In contrast, a large epidemiological study also 
conducted using TBIMS data reported a cumulative incidence of PTE by 1 year post-TBI of 
11.9% and by 2 years post-TBI of 16.8% (an additional ~5% experiencing incident seizures), but 
only 5.5% of participants reported any seizure between years 1 and 2.[5]  Therefore, though we 
cannot say how many participants in our year 2 cohort had incident seizures based on the 
available data, the number maybe similar to the number reporting any seizure in year 2 based on 
a larger study using comparable data.   
In the first year post-TBI, individuals may still be actively participating in rehabilitation 
or more intensively involved in medical care to address various physiological consequences of 
injury.  They may not yet be ready to return to various life roles that could be impacted by 
seizures, such as sports, school, or work.  They may also develop incident depression or anxiety 
or engage in other risk behaviors (e.g. alcohol abuse), which could increase their risk for future 
seizures (e.g. in year 2).  Given that depression does not often resolve, and that even minor 
depression frequently evolves into major depression in the second year after injury,[17] this 
known relationship could explain the stronger association between MH conditions and PTE in 
year-2.  In the second year post-TBI, individuals may have returned to work, driving, or other 
meaningful activities, and the occurrence of PTS at this point could be more disruptive to this 
participation (as evidenced by the higher number of rehospitalizations noted in the year-2 
cohort), resulting in poorer MH as individuals adjust to new disability.  First-time seizures in 
year-2, which, as noted previously, likely make up the majority of seizures reported in year 2, 
could be regarded as unexpected, which may induce anxiety and/or hopelessness if individuals 
were otherwise having good recovery trajectories.    
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Reciprocal associations between MH disorders and epilepsy have been demonstrated 
clinically in the general population with epilepsy,[27] and some studies show shared neural 
networks that may contribute to these associations.[37] While depression and anxiety may 
increase with epilepsy due to the adjustment to disability that is associated with an epilepsy 
diagnosis, increased depression and anxiety may also be secondary to changes in brain function 
common to both MH and epilepsy.  For example, there are common neuropathological 
mechanisms identified in experimental epilepsy models, such as monaminergic associations with 
Attention Deficits Disorder (ADHD; impulsivity/disinhibition) and depressive behaviors noted in 
chronic epilepsy models.[38]  Depression and impulsivity/disinhibition frequently co-occur, both 
in the general population and after TBI, with some suggestion that behavioral symptoms may be 
as defining of depression as dysregulated mood symptoms.[39,40] Depression may also 
contribute to the develop of behavioral issues,[41] emphasizing the need to identify risk factors 
for post-TBI depression as well and suggesting that, if PTE is associated with greater depression, 
it may also be a significant risk factor for behavioral issues after TBI. 
Other common mechanisms include the effects of stress on seizure thresholds.  Some 
literature suggests that stress is one of the most common self-reported precipitants of seizures 
among individuals in the general population with epilepsy.[42] In experimental studies, 
corticotropin releasing hormone (CRH) and corticosterone elevations are shown to facilitate 
seizure susceptibility, presumably by altering inhibitory tone within GABAergic receptors,[43] 
and elevated CRH is a risk factor for post-traumatic stress disorder.[44] Preliminary clinical 
evidence from our laboratory indicates that elevations in serum cortisol persist beyond the first 
week post-TBI.  Together, this evidence suggests that the stress response associated with TBI 
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may contribute to MH symptoms, epileptogenesis, and the development of post-traumatic 
seizures, further facilitating a biological and reciprocal relationship between epilepsy and MH.  
4.1 Limitations 
Despite the neurobiological and clinical support for relationships between epilepsy and 
MH disorders, including the context of TBI, our study cannot evaluate causal relationships in our 
current TBI sample.  As a result of the timing of adding and removing variables from the 
TBIMS-NDB, the present study data are cross-sectional.  We were, therefore, unable to look at 
changes over time.  Prospective, longitudinal studies collecting both seizure data (occurrence, 
number, timing, severity, treatment) and MH data (occurrence, timing, severity, treatment) are 
warranted to reveal the causal and reciprocal relationships that our data begin to suggest. 
Data collection in this study relied primarily on self or proxy report, which is limited by 
poor recall, recall bias, and poor self-awareness, and the reliability and validity of self-reported 
health history cannot often be determined.  Misclassification of PTE may have also occurred due 
to psychogenic seizure reporting or failing to report absence seizures, which may go unnoticed 
by a participant.  Confirming the PTE diagnosis in medical charts was not feasible.  However, 
despite these limitations, self-report is a common practice in studies on seizures/epilepsy.[23] 
Though early, immediate, and late seizures during hospitalization have a significant impact on 
later PTE, we were unable to make these temporal distinctions in our measure of acute seizure, 
which captured any seizure during the acute hospitalization stay.  This temporal characterization 
is important for future studies.  Finally, we have no information regarding previous or current 
medical or behavioral therapy for seizures, mental health conditions, or other comorbid 
conditions, all of which may have an effect on mental health outcomes. 
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5. Conclusions 
In summary, our data suggest that PTE is associated with MH outcomes 2 years after 
TBI. Given the literature, it is possible that psychological adjustment factors associated with PTE 
and/or shared biomolecular pathways may contribute to depression and anxiety in this 
population.  Understanding the shared, and perhaps reciprocal, biological and psychological 
factors contributing to and resulting from both PTE and MH outcomes post-TBI is critical for 
treatment planning and clinical management.  Further work should focus on temporal and 
reciprocal relationships between PTE and MH.  Also, future work should consider if/how 
adequate PTE treatment influences MH risk, and conversely, how early identification and 
treatment of MH disorders may influence PTE risk over time. 
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Table 1.  Demographic and Clinical Characteristics by PTE Status 
 PTE No PTE   
Year 1 n=54 n=399 Z or χ2 p-value 
Age 39.8 (17.4) 40.7 (18.8) -0.05 .957 
Sex (male) 41 (75.9%) 304 (76.2%) .002 .542 
Race (white) 34 (63.0%) 290 (72.7%) 6.26 .044 
Pre-injury mental health treatment 18 (33.3%) 89 (22.3%) 3.17 .088 
Previous TBI 4 (7.4%) 5 (1.3%) 9.95 .012± 
PTA (days)* 32.8 (38.8) 22.7 (23.1) -1.54 .123 
Acute seizure (yes) 1 (1.9%) 12 (3.0%) 0.22 .641 
FIM (discharge)* 88.2 (19.6) 93.2 (18.6) -1.85 .064 
FIM (follow-up) 118.3 (9.7) 113.2 (15.7) -2.47 .013 
Substance Abuse (follow-up) * 27 (50%) 158 (39.6%) 1.45 .242 
Year 2 n=33 n=401 Z or χ2 p-value 
Age 37.2 (15.5) 40.3 (19.0) -0.57 .570 
Sex (male) 26 (78.8%) 294 (73.3%) 0.47 .681 
Race (white) 16 (48.5%) 273 (68.1%) 12.05 .002 
Pre-injury mental health treatment 8 (24.2%) 67 (16.7%) 1.21 .335 
Previous TBI 2 (6.1%) 10 (2.5%) 1.30 .244± 
PTA (days)* 25.5 (18.8) 24.7 (20.5) -0.46 .649 
Acute seizure (yes) 8 (24.2%) 26 (6.5%) 10.00 .002 
FIM (discharge)* 90.7 (19.7) 92.0 (18.5) -0.27 .787 
FIM (follow-up) 118.8 (10.4) 115.4 (13.5) -2.63 .008 
Substance Abuse (follow-up) * 12 (36.4%) 161 (40.1%) 0.20 .712 
Note. PTE=Post-traumatic Epilepsy; TBI=Traumatic brain injury; PTA=Post-traumatic amnesia.  Race: white, black, other 
*Year 1 (n=453): FIM discharge n=442, PTA year 1 n=443, Previous TBI n=439; Substance abuse n=436; 
Year 2 (n=434): FIM discharge n=423, PTA year 1 n=417, Previous TBI n=439; Substance abuse n=420 
±Fisher’s Exact Test 
 
Table 2.  Depression and Anxiety Differences by PTE Status  
 PTE No PTE   
Year 1 n=54 n=399 Z or χ2 p-value 
Depressive Symptoms 6.8 (7.1) 5.4 (5.9) -1.43 .153 
Depression Status + 14 (25.9%) 84 (21.1%) 0.65 .259 
Anxiety Symptoms 4.8 (6.0) 3.9 (5.0) -0.73 .462 
Anxiety Status + 14 (25.9%) 81 (20.3%) 0.91 .373 
Comorbid Depression 
and Anxiety + 12 (22.2%) 58 (14.6%) 2.13 .160 
Year 2 n=33 n=401 Z or χ2 p-value 
Depressive Symptoms 9.1 (6.9) 5.4 (5.8) -3.21 .001 
Depression Status + 14 (42.4%) 86 (21.5%) 7.52 .008 
Anxiety Symptoms 7.6 (6.7) 4.1 (5.0) -3.27 .001 
Anxiety Status + 14 (42.2%) 64 (16.0%) 14.49 .001 
Comorbid Depression 
and Anxiety + 11 (33.3%) 50 (12.5%) 10.93 .003 
Note. PTE=Post-traumatic Epilepsy;  + Above established cut-off for clinically significant symptoms; 
Depressive symptoms measured by total score of Patient Health Questionnaire-9; Anxiety Symptoms 
measured by total score of General Anxiety Disorders 7. 
 
  
 Table 3. Contribution of Seizures in Year 2 to Anxiety Status (n=434) 
 
Base Model Base Model + Seizures  
OR p OR p 
Age  .149  .177 
31-60 1.27 .382 1.28 .382 
61+ 0.51 .159 0.53 .189 
Sex 0.60 .078 0.58 .058 
Race  .034  .097 
Black 2.26 .013 1.95 .048 
Other 1.61 .158 1.62 .161 
Previous Mental 
Health Treatment 
1.41 .287 1.33 .377 
Seizures in Year 2   3.34 .002 
Referents: Age=16-30 years old;  Sex=Male; Race=White; Absence of previous mental 
health treatment, seizures 
  
 
Table 4. Contribution of PTE in Year 2 to Comorbid Depression and Anxiety (n=408) 
 
Base Model  
Base + Follow-up 
Model 
Base + Follow-up + 
Seizures Model 
OR p OR p OR p 
Age  .128  .127  .155 
31-60 1.53 .184 1.54 .177 1.56 .169 
61+ 0.55 .298 0.56 .315 0.61 .401 
Sex 0.77 .439 0.732 .373 0.69 .302 
Race  .073  .089  .130 
Black 2.08 .053 1.98 .074 1.79 .134 
Other 1.93 .081 1.95 .079 1.94 .082 
Previous Mental 
Health Treatment 
0.98 .959 0.94 .865 0.88 .748 
Substance Abuse   1.25 .470 1.32 .376 
FIM (discharge)   0.99 .385 0.99 .419 
PTE in Year 2     2.71 .049 
Referents: Age=16-30 years old; Sex=Male; Race=White; Absence of previous mental health treatment, substance 
abuse, seizures 
